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(54) Reproduction of coded data 

(57) A coded-data special reproduction method 
reads out and decodes unit group data composed of in- 
tra-frame coded data, inter-frame forward predictive 
coded data and bidirectionally predictive coded data, 
writes the decoded data into a frame buffer (2-3) and, 
after reading out the data therefrom, displays (3) such 
data. The method comprises the steps of continuously 
decoding portions of the intra-f rame coded data and the 
inter-frame forward predictive coded data constituting 
the unit group data read out, while intermittently decod- 
ing the remaining coded data; writing the decoded data 
in the frame buffer (2-3); reading out the data therefrom 
in a reverse order of the original pictures; and displaying 
the pictures (3) thus read out. An apparatus designed 
to carry out the above method comprises a buffer (2-1) 
for storing the group data; a decoder (2-2) for decoding 
the coded data obtained from the buffer; and a frame 
buffer (2-3) for storing the respective coded data decod- 
ed by the decoder. Special reverse reproduction of the 
coded data can be achieved to realize natural repro- 
duced pictures on a display device (3) without the ne- 
cessity of raising the coded-data transfer rate to the de- 
coder (2-2) or increasing the storage capacity of the 
frame buffer (2-3). 
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Description 

This invention relates to the reproduction of coded 
data. The invention is particularly (but not exclusively) 
applicable to special reproduction of coded data stored 
or sent via communication media or the like or coded 
video or audio data read out from recording media such 
as disks. More particularly, but again not exclusively the 
invention is applicable to the reverse reproduction of 
coded data. 

In recording media such as digital video disks (here- 
inafter referred to as DVD), communication media such 
as LAN (Local Area Network) or broadcasting media 
such as satellites which are used for processing video 
and audio signals converted into digital data, it is usual 
that the data are digitally compressed and coded so that 
the video and audio signals can be processed efficiently. 
One of the data compression and coding systems pro- 
posed for that purpose is the MPEG (Motion Picture cod- 
ing Experts Group) system. An exemplary MPEG coder 
will now be described with reference to Fig. 32. 

The MPEG coder is so designed as to perform data 
compression of a video input signal by executing any 
one of the following three predictive coding modes, 
wherein the digitized video input signal is supplied first 
to a motion detector 101 which detects a motion vector 
for motion compensative prediction per minimum unit of 
the motion compensative prediction. 

Thereafter predictive coding of the signal is per- 
formed in a next predictive coding circuit, wherein one 
of the following three predictive coding modes is exe- 
cuted to obtain: (1) an intra-frame coded picture ((-pic- 
ture) by coding the video input signal within a frame; (2) 
an inter-frame forward predictive coded picture (P-pic- 
ture) by coding the video input signal only in a forward 
direction; or (3) a bidirectionally predictive coded picture 
(B-picture) by coding the video input signal in both for- 
ward and backward directions. 

More specifically, in a DCT 103 of the predictive 
coding circuit, the video input signal supplied thereto via 
a subtracter 102 is processed through discrete cosine 
transform (DCT) which is a kind of Fourier transform, 
and a DCT coefficient obtained as a result of such trans- 
form is quantized in a quantizer (Q) 104. Subsequently 
to the quantization, the signal is variable-length coded 
in a variable-length coder (VLC) 109 where a code of a 
length different depending on the incidence probability 
is allocated. 

The coded signal thus quantized is dequantized in 
a dequantizer (IQ) 105, and then is supplied to an in- 
verse DCT (I DCT) 106 where the signal is processed 
through inverse discrete cosine transform. Subsequent- 
ly an output of a frame memory predictor 108 is added 
thereto to consequently reproduce the original video sig- 
nal. The reproduced video signal is supplied as a pre- 
diction signal to the subtracter 1 02 so as to be subtract- 
ed from the input video signal, whereby a difference sig- 
nal between the input video signal and the prediction 



2 

signal is outputted from the subtracter 102. 

Accordingly the coded signal outputted from the 
quantizer 104 is a difference signal, and since this dif- 
ference signal is processed through discrete cosine 
5 transform to be thereby quantized, the coded signal is 
compressed. 

The coded signal thus compressed is then supplied 
to the variable-length coder 109, where entropy coding 
is executed on the basis of the occurrence frequency 
io deflection, so that the code is further compressed. 

Thereafter in a multiplexer 110, the compressed 
coded signal is multiplexed with the prediction mode da- 
ta indicative of the l-picture, P-picture or B-picture and 
the motion vector data. However, since the multiplexed 
15 data are generated at an irregular rate, such data are 
once stored in a bufler 1 1 1 and then are outputted there- 
from at a fixed code rate. 

In order to fix the average code rate, the code quan- 
tity may be controlled by changing the quantization 
20 scale factor q of the quantizer 104 in accordance with 
the code quantity stored in the buffer 111. 

Fig. 33A shows an exemplary structure of inter- 
frame prediction obtained among the predictive-coded 
frames. 

25 a data unit termed a GOP (Group of Pictures) may 
be composed ol, e.g., 15 frames as illustrated in this 
diagram. In this case, since a random access is neces- 
sary in one GOP, at least one frame of an l-picture is 
required within the GOP, so that there are 1 frame of an 
so l-picture, 4 frames of P-pictures predicted from the tem- 
porally preceding l-pictures or P-pictures, and remain- 
ing 10 frames of B-pictures predicted from the tempo- 
rally preceding and succeeding l-pictures or P-pictures. 
A GOP is a coding unit corresponding to each segment 
35 of one sequence of motion pictures. 

More specifically, as indicated by arrows in Fig. 
33A, an l-picture 11 is coded by intra-frame prediction 
within that frame alone, a P-picture 4P is coded by inter- 
frame prediction with reference to the l-picture 11, a P- 
40 picture 7P is coded by inter-frame prediction with refer- 
ence to the P-picture 4P, a P-picture 10P is coded by 
inter-frame prediction with reference to the P-picture 7P, 
and a P-picture 13P is coded by inter-frame prediction 
with reference to the P-picture 10P. Further, B-pictures 
45 23 and 3B are coded by inter-frame prediction with ref- 
erence to both of the l-picture 1 P and the P-picture 4P, 
and B-pictures 5B and 6B are coded by inter-frame pre- 
diction with reference to both of the P-picture 4P and the 
P-picture TP. Similarly, subsequent pictures are coded 
so by such prediction in the manner indicated by arrows. 

The numbers of l s P and B represent the ordinal 
numbers of original pictures. 

In decoding the predictive-coded pictures men- 
tioned, the l-picture can be decoded alone since it is pre- 
ss diet tve -coded within the frame. However, as any P-pic- 
ture is coded with reference to the temporally preceding 
l-picture or P-picture, such preceding l-picture or P-pic- 
ture is required at the decoding time. Similarly, in decod- 
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ing any B-picture coded with reference to the temporally 
preceding and succeeding l-pictures or P-pictures, such 
preceding and succeeding l-pictures or P-pictures are 
required. 

For this reason, the pictures are positionally 
changed as illustrated in Fig. 33B so that the pictures 
required at the decoding time can be decoded in ad- 
vance. 

As illustrated in Fig. 34A, such positional changes 
are so made that the I -picture 1 1 precedes the B-pictures 
1 B and OB since the B-pictures 1 B and OB require the 
l-picture 11 at the decoding time, and also that the P- 
picture 4P precedes the B-pictures 2B and 3B since the 
B-pictures 2B and 3B require the l-picture 1 1 and the P- 
picture 4P. Similarly, the pictures are positionally so 
changed that the P-picture 7P precedes the B-pictures 
5B and 6B since the B-pictures 5B and 6B requires the 
P-pictures 4P and 7P at the decoding time, and also that 
the P-picture 10P precedes the B-pictures 8B and 9B 
since the B-pictures 8B and 9B require the P-pictures 
7P and 10P at the decoding time. In the same manner, 
such positional changes are so made that the P-picture 
13P precedes the B-pictures 11 Band 12B. 

The I-, P- and B-pictures thus arranged in the order 
shown in Fig. 34B are converted into on-medium coded 
video data in Fig. 34C so as to be recordable on a re- 
cording medium such as a DVD. Then the on-medium 
coded video data are read out therefrom to become de- 
coded video data in the order shown in Fig. 34D. Sub- 
sequently, in displaying normal reproduced pictures, the 
decoded video data are rearranged in the order which 
is indicated by suffixes in Fig. 34C and corresponds to 
the original picture order, whereby normal pictures are 
displayed on a display device. 

When displaying special reproduced pictures which 
are in a reverse direction of reproduction, it is necessary 
to display the pictures in the reverse order of the original 
pictures shown in Fig. 34A : as 12B, 11 B, 10P, 9B ... and 
so on. Therefore, in the case of decoding the B-picture 
12B for example, since this B-picture 12B is a coded 
picture predicted from the P-pictures 10P and 13P, 
these P-pictures 10P and 13P need to be decoded in 
advance. Further the P-picture 7P is required for obtain- 
ing the decoded P-picture 10P, and the P-picture 4P is 
required for obtaining the P-picture 7P, and the l-picture 
1 1 is required 1or obtaining the P-picture 4P. 

Consequently, even in such reverse reproduction, 
it is necessary to perform successive operations of first 
reading out and decoding the l-picture 11, then decoding 
the P-picture 4P, subsequently decoding the P-picture 
7P and next decoding the P-picture 1 0P. It is further nec- 
essary to decode the P-picture 13P from the P-picture 
1 0P to finally achieve desired decoding of the B-picture 
12Bfrom the P-pictures 10P and 13P 

In succession, the B-picture 11 B can be decoded 
from the P-pictures 10P and 13P, and further the P-pic- 
ture 10P can be immediately outputted since it has al- 
ready been decoded. However, as the P-picture 7P is 



required for decoding the B-pictures 9B and 8B, it is nec- 
essary to decode the P-picture 7P by reading out the I- 
picture 1 1 again and then decoding the P-pictures se- 
quentially. 

s For reversely reproducing the video data of the 

MPEG standard in the reverse order of the original pic- 
tures, a greater number of decoding steps are needed 
in comparison with ordinary reproduction and a longer 
time is required until display of the pictures, so that it is 

io necessary to increase the data transfer rate and so forth 
to the decoder for shortening the delay time. Further- 
more, due to the limited storage capacity of a frame 
memory, I -and P-pictures need to be decoded so many 
times. 

1$ Therefore, it has been customary in the prior art to 
solve the above problems by decoding and displaying 
merely the l-picture in a reverse reproduction mode. 

However, when only the l-picture alone is displayed, 
merely one picture is obtained per 15 frames for exam- 

20 pie as shown in Fig. 33, and it follows that an extremely 
reduced number of the pictures are displayed to conse- 
quently become unnatural. 

First and second aspects of the invention are set 
forth in claims 1 and 6 hereof, respectively. 

25 According to another aspect of the invention there 
is provided a coded -data special reproduction method 
which reads out and decodes a unit group of intra-f rame 
coded data, inter-frame forward predictive coded data 
and bidirectionally predictive coded data, then writes the 

30 decoded data into a frame buffer means and, after read- 
ing out the data from the frame buffer means, displays 
such data. The method comprises the steps of: contin- 
uously decoding portions of the intra-frame coded data 
and the inter-frame forward predictive coded data con- 

35 stituting the unit group read out, while intermittently de- 
coding the remaining coded data; subsequently writing 
the decoded data in the frame buffer means; then read- 
ing out the data from the frame buffer means in the re- 
verse order of the original pictures; and displaying the 

40 pictures thus read out. 

In the coded-data special reproduction method 
mentioned above, some portion of the bidirectionally 
predictive coded data also may be decoded intermittent- 
ly- 

45 in decoding the unit group of data by the above 
method, priority may be granted to the intra-f rame coded 
data and the inter-frame forward predictive coded data 
anterior to the intra-frame coded data appearing first in 
the unit data. 

50 Further, the unit group of data may be composed of 
a block consisting of two or more unit data. 

And when a picture to be displayed next has not yet 
been written in the frame buffer, the picture being dis- 
played now may be continuously displayed. 

55 According to a further aspect of the invention there 
is provided an apparatus capable of carrying out the 
above coded-data special reproduction method. This 
apparatus comprises: a buffer for storing read unit data 
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composed of intra-frame coded data, inter-frame for- 
ward predictive data and bidirectionally predictive coded 
data; a decoder for decoding the coded data obtained 
from the buffer; and a frame buffer for storing the re- 
spective coded data decoded by the decoder; wherein s 
some portions of the intra-frame coded data, the inter- 
frame forward predictive coded data and the bidirection- 
ally predictive coded data constituting the unit group are 
read out continuously from the buffer and are decoded, 
while the remaining portions of the data are read out in- 10 
termittently therefrom and are decoded, and after the 
decoded data are written in the frame buffer, the data 
are read out from the frame buffer in the reverse order 
of the original pictures and then are displayed. 

In the coded-data special reproduction apparatus 15 
mentioned above, some portion of the bidirectionally 
predictive coded data also may be decoded intermittent- 
ly. 

In decoding the unit group of data in the above ap- 
paratus, priority may be granted to the intra-frame coded 20 
data and the inter-frame forward predictive coded data 
anterior to the intra-frame coded data appearing first in 
the unit data. 

Further, the unit group of data may be composed of 
a block consisting of two or more unit data. 25 

And when a picture to be displayed next has not yet 
been written in the frame buffer, the picture being dis- 
played now may be continuously displayed. 

Thus, according to a preferred form of implementa- 
tion of the invention as described below, some portions 30 
of l-picture and P-picture data constituting the unit group 
are continuously decoded at the time of special repro- 
duction, while the remaining picture data are intermit- 
tently decoded and transferred to a display means, 
thereby reducing the number of required decoding 35 
steps. Consequently it becomes unnecessary to raise 
the data transfer rate to the decoder, hence eliminating 
failure in the data flow. Furthermore, the reproduced pic- 
tures can be displayed with reduction of the display de- 
lay time without the necessity of increasing the storage 40 
capacity of the frame buffer required for special repro- 
duction. 

The preferred form of implementation of the inven- 
tion described hereinbelow provides a method of and 
an apparatus for special reproduction of coded data, 4 $ 
wherein special reproduction in a reverse direction and 
so forth can be achieved to realize natural reproduced 
pictures on a display device without the necessity of ei- 
ther raising a coded-data transfer rate to a decoder or 
increasing the storage capacity of a frame memory. 50 

The invention will now be further described, by way 
of illustrative and non-limiting example, with reference 
to the accompanying drawings, in which: 

Fig. 1 is a block diagram of a coded-data special 55 
reproduction apparatus according to an exemplary 
embodiment of the invention; 
Figs. 2A and 2B show frame structures of group da- 



ta; 

Figs. 3A to 3E are timing charts of signals produced 
in an example of special reproduction; 
Fig. 4 is a flow chart showing the operation per- 
formed in special reproduction; 
Fig. 5 is a schematic table of an example in perform- 
ing the special reproduction of Fig. 4; 
Fig. 6 is a schematic table of an example in perform- 
ing reverse reproduction with I- and P-pictures; 
Fig. 7 is a schematic table of another example in 
performing reverse reproduction with I- and P-pic- 
tures; 

Fig. 8 is a schematic table of an example in perform- 
ing reverse reproduction with I-, P- and B-pictures; 
Fig. 9 is a schematic table of another example in 
performing reverse reproduction with I- and P-pic- 
tures; 

Fig. 10 is a schematic table of an example in per- 
forming reverse reproduction with entire I- and P- 
pictures; 

Fig. 11 is a schematic table of another example in 
performing reverse reproduction with entire I- and 
P-pictures; 

Fig. 12 is a schematic table of an example in per- 
forming reverse reproduction with approximately al- 
ternate I- and P-pictures; 

Fig. 13 is a schematic table of another example in 
performing reverse reproduction with t- and P-pic- 
tures; 

Fig. 14 is a schematic table of an example in per- 
forming reverse reproduction with I- and P-pictures 
while not displaying any same pictures in succes- 
sion; 

Figs. 15 to 19 are schematic tables of other exam- 
ples in performing reverse reproduction with I- and 
P-pictures; 

Fig. 20 is a schematic table of an example in per- 
forming reverse reproduction with entire I- and P- 
pictures and alternate B-pictures; 
Fig. 21 is a schematic table of an example in per- 
forming reverse reproduction with entire I- and P- 
pictures and some B-pictures while not displaying 
any same pictures in succession; 
Fig. 22 is a schematic table o? an example in per- 
forming partial reverse reproduction with entire I-, 
P-and B-pictures; 

Figs. 23 to 25 are schematic tables of an example 
in performing reverse reproduction with entire I-, P- 
and B pictures; 

Figs. 26 to 28 are schematic tables of an example 
in performing reverse reproduction with approxi- 
mately entire I-, P- and B-pictures; 
Figs. 29 to 31 are schematic tables of another ex- 
ample in performing reverse reproduction with ap- 
proximately entire I-, P- and B-pictures; 
Fig. 32 is a block diagram showing the construction 
of an MPEG coder; 

Figs. 33A and 33B show an inter-frame prediction 
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structure and a medium frame structure, respec- 
tively; and 

Figs. 34A to 34E show the relationship among orig- 
inal pictures, coded pictures, on-medium pictures, 
decoded pictures and normal reproduced pictures. 5 

Fig. 1 shows the constitution of an exemplary em- 
bodiment which represents a data special reproduction 
apparatus contrived for carrying out a coded-data spe- 
cial reproduction method embodying the invention, 
wherein a recording medium employed is a disk. 

In this diagram, reference numeral 1 denotes a disk 
drive for reading out from the disk the coded data re- 
corded through compression according to the MPEG 
standard. There are also shown a decoder 2 which con- 
sists of a code buffer 2-1 , a decode processor 2-2 and 
a frame buffer 2-3 for decoding the data read out from 
the disk drive 1 ; a display device 3 for displaying the 
data decoded by the decoder 2; a controller 4 for con- 
trolling the decoder, by supplying control data to a spe- 
cific data access means 5, in a manner to read out the 
specific data from the disk drive 1 and to obtain normal 
reproduced signal or special reproduced signal; and the 
specific data access means 5 for driving the disk drive 
1 in a manner to read out the specific data from the disk 
under control of the controller 4. 

Now an explanation will be given on the operation 
performed in a normal reproduction mode in the data 
special reproduction apparatus of the above constitu- 
tion. On the disk, there are recorded I-, P- and B-pictures 
which are coded according to the MPEG standard in the 
format- of Fig. 34C. In order to decode such recorded 
picture data in the order of Fig. 34D, specific picture data 
included in the video data is read out by the specific data 
access means 5 and then is supplied to and stored tem- 
porarily in the decode buffer 2-1 of the decoder 2. Sub- 
sequently the data thus stored in the code buffer 2-1 is 
read out therefrom and is decoded by the decode proc- 
essor 2-2, so that the picture data are decoded in the 
order of Fig. 34D. And the decoded pictures are supplied 
to the frame buffer 2-3. 

The frame buffer 2-3 has a memory capacity suffi- 
cient for storing three frames which are composed usu- 
ally of an area 1 , an area 2 and an area 3. And the de- 
coded pictures supplied to the frame buffer 2-3 are 
stored in predetermined areas respectively. 

Thereafter the pictures are read out from the frame 
buffer 2-3 in the order of Fig. 34E and then are visually 
represented on the display device 3, whereby the repro- 
duced pictures are displayed in the order of the original 
ones. 

Next the operation performed in a special reproduc- 
tion mode will be described bolow with regard to an ex- 
ample of reverse reproduction. Since the MPEG2 stand- 
ard includes both cases with and without the aforemen- 
tioned GOP structure, a description will be given on an 
assumption that a plurality of MPEG-coded pictures 
constitute a unit of group data (GD). 



Figs. 2A and 2B show an exemplary GD structure 
where one group data is composed of 15 pictures, in 
which n denotes a distance between an l-picture and a 
P-picture or a distance between P-pictures, and m de- 
notes a distance between l-pictures. 

More specifically, Fig. 2A shows an example of pic- 
tures arranged in four GD, and Fig. 2B shows actual bit 
streams rearranged on a recording medium in the de- 
coding order in a normal reproduction mode. 

Referring now to Figs. 3A to 3E, an explanation will 
be given on an exemplary data supply pattern supplied 
to the decoder and an exemplary data output pattern 
read out from the decoder and displayed when the 
MPEG-coded pictures thus arranged on the recording 
medium are reproduced in a reverse direction. In this 
case, it is supposed that the frame buffer 2-3 has areas 
sufficient for storing four pictures. 

First in Fig. 3A, Dsync is a timing signal according 
to which the pictures read out from the disk drive 1 are 
written in the code buffer 2-1. This signal Dsync has a 
period of 2V corresponding to a double of a vertical syn- 
chronizing signal Vsync, i.e., a period of 1 frame. There- 
fore the code buffer 2-1 is triggered by the signal Dsync 
in such a manner that the pictures read out from the disk 
drive 1 are written in the period of 2V as shown in Fig. 
3B. More specifically, under control of the specific data 
access means 5, pictures are read out from the disk 
drive 1 in the order of 161, 191, 22P 25P, 28P, 27B : 161, 
191, 24B, ... and so forth, as shown in Fig. 3B. 

The pictures stored in the code buffer 2-1 are de- 
coded by the decode process means 2-2 in such a man- 
ner that the decoding of each picture is completed within 
the period of 2V from the start thereof, and the decoded 
pictures are stored successively in the frame buffer 2-3, 
as shown in Fig. 3C. 

More specifically, the l-picture 161 started to be de- 
coded synchronously with timing tdl is decodable alone 
without reference to any other picture since it is an intra- 
frame coded picture, and in synchronism with td2 of 
Dsync after a lapse of 2 V therefrom, the data ol the de- 
coded l-picture 161 starts to be stored in the area 1 of 
the frame buffer 2-3. 

Then in synchronism with timing td3 after a lapse of 
2V therefrom, the P-picture 19P decoded with reference 
to the l-picture 1 61 starts to be stored in the area 2. Sub- 
sequently in synchronism with timing td3 after a lapse 
of 2V, the P-picture 22P decoded with reference to the 
P-picture 1 9P starts to be stored in the area 3; and next 
in synchronism with timing td5 after a lapse of 2V, the 
P-picture 25P decoded with reference to the P-picture 
22P starts to be stored in the area 4. And further in syn- 
chronism with timing td6 after a lapse of 2V therefrom, 
the P-picture 28P decoded with reference to the P-pic- 
ture 25P starts to be stored in the area 1 by overwriting. 

Similarly, the B-picture 27B is decoded with refer- 
ence to the P-picture 25P stored in the area 4 and also 
to the P-picture 28P stored in the area 1 , and then starts 
to be stored in the area 2 synchronously with timing td7. 
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Subsequently the respective areas of the frame 
buffer 2-3 are overwritten successively as shown in Fig. 
3C, whereby the decoded pictures are stored therein. 

The decoded pictures thus stored in the frame buff- 
er 2-3 are supplied to the display device 3 in a manner 
to be in the reverse order of the original pictures and are 
displayed thereon, but the timing to read out such de- 
coded pictures from the frame buffer 2-3 conforms to 
the timing of the vertical synchronizing signal Vsync 
which is shown in Fig. 3D and has, as compared with 
the aforementioned signal Dsync, a deviation of 1 field 
corresponding to the period V of the vertical synchroniz- 
ing signal. 

For example, regarding the P-picture 28P started to 
be stored in the area 1 synchronously with timing td6 of 
Dsync ; the data thereof starts to be transferred to the 
display device 3 synchronously with timing tvl of Vsync 
after a lapse of V from the timing td6. In this case, stor- 
age of the P-pictre 28P in the area 1 is completed latest 
synchronously with timing td7 after a lapse of 2V. How- 
ever, since one field of the P-picture 28P can be trans- 
ferred to the display device 3 at the time point td7, the 
data to be displayed can be transferred properly to the 
display device 3 without any failure. 

As the data are read out from the disk driver 1 in the 
picture order of Fig. 3B and then are decoded, the data 
of the decoded pictures can be transferred to and dis- 
played on the display device 3 in the order of Fig. 3C. 

More specifically, the P-picture 28P starts to be 
transferred from the area 1 to the display device 3 syn- 
chronously with timing tv1 of Vsync; the B-picture 27B 
starts to be transferred from the area 2 to the display 
device 3 synchronously with timing tv2; the P-picture 
25P starts to be transferred from the area 4 to the display 
device 3 synchronously with timing tv4; the B-picture 
24B starts to be transferred from the area 2 to the display 
device 3 synchronously with timing tv5; and the P-pic- 
ture 22P starts to be transferred from the area 3 to the 
display device 3 synchronously with timing tv7. There- 
after the B-picture 21 B, P-picture 19P, B-picture 18B, I- 
picture 161 ... and so forth are transferred from the re- 
spective areas to the display device 3 in this order. 

Consequently the video signals of the above P-pic- 
ture 28R B-picture 27B, P-picture 25P, B-picture 24B, 
P-picture 22P, B-picture 21 B, P-picture 19P, B-picture 
18B, l-picture 161 ... and so forth are displayed on the 
display device 3 in this order, whereby the pictures re- 
produced in the reverse direction can be visually repre- 
sented on the display device 3. 

Fig. 4 is a flow chart showing the operation of the 
controller 4 performed in this case. 

When the operation is switched to a reverse repro- 
duction mode, the routine of this flow chart is started. 
First at step S10, the data of pictures 161, 191, 22P and 
25P are supplied to the decoder successively to be de- 
coded therein, and the resultant decoded data are writ- 
ten respectively in the corresponding area 1 , area 2, ar- 
ea 3 and area 4 of the frame buffer in the decoder. Next 



10 

at step S20, the data of P-picture 28 P is transferred to 
the decoder to be decoded therein, and the decoded da- 
ta is written in the non-displayed area of the frame buffer. 
In selection of such write area, the controller previously 
s stores divisions where pictures are not displayed, being 
displayed and already displayed respectively, then de- 
termines the picture reproducible by the least number 
of times of decoding operations when the data is once 
decoded, and overwrites that area. In this exemplary 
10 case, the area 1 with the l-picture 161 written therein is 
determined, and the decoded P-picture 28P is overwrit- 
ten in the area 1 . 

Subsequently at step S30, the controller 4 controls 
the decoder 2 in such a manner as to start display of the 
15 P-picture 28P by triggering the same synchronously 
with Vsync after a lapse of IV from the Vsync (Dsync) 
used to start decoding the P-picture 28P. 

Next at step S40, the controller 4 executes its con- 
trol action for reading out the data from the disk drive 1 
20 so that the B-picture 27 B can be decoded in synchro- 
nism with Vsync (Dsync) as a trigger after a lapse of 1 V 
from the start of displaying the P-picture 28P, and also 
that the P-pictures 25P and 28P can be read out from 
the frame buffer 2-3 and be decoded. 
25 Thereafter at step S50, the controller 4 controls the 
decoder 2 in a manner to start display of the B-picture 
27B by triggering the same synchronously with Vsync 
after a lapse of 1 V from the Dsync used to start decoding 
the B-picture 27B. 
30 Further at step S60, the controller 4 executes its 
control action for enabling the decoder 2 to read out the 
data from the disk drive 1 and to decode the data so that 
the l-picture 161 can be decoded again in synchronism 
with Dsync as a trigger after a lapse of 1 V from the start 
35 of displaying the B-picture 27B. 

And finally at step S70, the controller 4 controls the 
decoder 2 to decode the data synchronously with the 
timing shown in Fig. 3. 

Thus, in the coded-data reproduction apparatus de- 
40 scribed above, there exist data portions where, in a spe- 
cial reproduction mode, I- and P-pictures are decoded 
continuously, and data portions where such pictures are 
decoded intermittently. And B-pictures are decoded in- 
termittently. The reason is based on that the controller 
45 4 controls both the decoder 2 and the specific data ac- 
cess means 5 in such a manner as not to cause failure 
in the data flow without the necessity of raising the data 
transfer rate to the decoder 2. 

In this case, decoding is performed with priority 
so granted to the l-picture decodable alone and the P-pic- 
ture decodable with reference merely to the immediately 
preceding l-picture or P-picture in the forward direction. 
And in case the next picture data to be supplied to the 
display device 3 is not stored in the frame buffer 2-3, the 
55 picture being displayed now is supplied continuously to 
the display device. 

It is to be understood here that the data supply pat- 
terns of Figs. 3A to 3E in supplying the data to the de- 
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coder and the data output patterns thereof in reading 
out the data from the decoder and displaying such data 
are merely illustrative examples, and a variety of pat- 
terns are applicable in a special reproduction mode. 
Hereinafter various patterns adapted for special repro- 
duction will be described, wherein the patterns shown 
in Figs. 3Ato 3E are represented as Fig. 5. 

In each of Figs. 5 through 31 , a column "Code buffer 
read Dsync 11 includes the pictures read out from the code 
buffer 2-1 synchronously with the signal Dsync shown 
in Fig. 3A. A column "Frame buffer" is divided into frac- 
tional columns of numerals indicating the individual ar- 
eas of the frame buffer 2-3, wherein there are included 
the pictures written in such areas synchronously with the 
signal Dsync as shown in Fig. 3C. 

Meanwhile, a column "Display Vsync' includes the 
pictures read out from the frame buffer 2-3 synchro- 
nously with the signal Vsync shown in Fig. 3D and dis- 
played on the display device 3. 

Now each of Figs. 6 through 31 will be schematically 
described below. 

Fig. 6 shows an example in performing reverse re- 
production with I- and P-pictures, wherein the number 
of storable frames (number of areas) in the frame buffer 
2-3 is set to three. 

Fig. 7 shows another example in performing re- 
verse reproduction with I- and P-pictures, wherein the 
number of storable frames (number of areas) in the 
frame buffer 2-3 is set to three. 

Fig. 8 shows an example in performing reverse re- 
production with I-, P- and B-pictures, wherein the 
number of storable frames (number of areas) in the 
frame buffer 2-3 is set to three. 

Fig. 9 shows another example in performing re- 
verse reproduction with I- and P-pictures, wherein the 
number of storable frames (number of areas) in the 
frame buffer 2-3 is set to three. 

Fig. 10 shows an example in performing reverse re- 
production with entire I- and P-pictures, wherein the 
number of storable frames (number of areas) in the 
frame buffer 2-3 is set to three. 

Fig. 11 shows another example in performing re- 
verse reproduction with entire I- and P-pictures, wherein 
the number of storable frames (number of areas) in the 
frame buffer 2-3 is set to four. 

Fig. 1 2 shows an example in performing reverse re- 
production with approximately alternate I- and P-pic- 
tures, wherein the number of storable frames (number 
of areas) in the frame buffer 2-3 is set to three. 

Fig. 13 shows another example in performing re- 
verse reproduction with I- and P-pictures, wherein the 
number of storable frames (number of areas) in the 
frame buffer 2-3 is set to three. 

Fig. 1 4 shows an example in performing reverse re- 
production with I- and P-pictures while not displaying 
any same pictures in succession, wherein the number 
of storable frames (number of areas) in the frame buffer 
2-3 is set to five. 



Fig. 15 shows another example in performing re- 
verse reproduction with I- and P-pictures, wherein the 
number of storable frames (number of areas) in the 
frame buffer 2-3 is set to three, 
5 Fig. 16 shows another example in performing re- 
verse reproduction with I- and P-pictures, wherein the 
number of storable frames (number of areas) in the 
frame buffer 2-3 is set to three. 

Fig. 17 shows another example in performing re- 
10 verse reproduction with I- and P-pictures, wherein the 
number ol storable frames (number of areas) in the 
frame buffer 2-3 is set to three. 

Fig. 18 shows another example in performing re- 
verse reproduction with I- and P-pictures, wherein the 
15 number of storable frames (number of areas) in the 
frame buffer 2-3 is set to two. 

Fig. 19 shows a further example in performing re- 
verse reproduction with I- and P-pictures, wherein the 
number of storable frames (number of areas) in the 
20 frame buffer 2-3 is set to two. 

Fig. 20 shows an example in performing reverse re- 
production with entire I - and P-pictures and alternate B- 
pictures, wherein the number of storable frames 
(number of areas) in the frame buffer 2-3 is set to three. 
25 Fig. 21 shows an example in performing reverse re- 
production with entire I- and P-pictures and some B-pic- 
tures while not displaying any same pictures in succes- 
sion, wherein the number of storable frames (number of 
areas) in the frame buffer 2-3 is set to six. 
30 Fig. 22 shows an example in performing partial re- 
verse reproduction with successive I-, P- and B-pic- 
tures, wherein the number of storable frames (number 
of areas) in the frame buffer 2-3 is set to three. 

Figs. 23 to 25 show an example in performing re- 
35 verse reproduction with entire I-, P- and B pictures, 
wherein the number of storable frames (number of are- 
as) in the frame buffer 2-3 is set to four. 

Figs. 26 to 28 show an example in performing re- 
verse reproduction with approximately entire I-, P- and 
40 B-pictures, wherein the number of storable frames 
(number of areas) in the frame buffer 2-3 is set to three. 

And Figs. 29 to 31 show another example in per- 
forming reverse reproduction with approximately entire 
I-, P- and B-pictures, wherein the number of storable 
45 frames (number of areas) in the frame buffer 2-3 is set 
to three. 

Although the explanation given above is concerned 
with an exemplary case of coded data read out from re- 
cording media, the present invention is not limited there- 
to to alone, and the coded data may be those stored via 
communication media or broadcasting media as well. 

Thus, according to the above disclosure, some por- 
tions of I -picture and P-picture data constituting unit da- 
ta are continuously decoded in a special reproduction 
55 mode, while the remaining picture dataare intermittently 
decoded and transferred to a display means, thereby 
reducing the number of required decoding steps. 

Consequently it becomes unnecessary to raise the 
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data transfer rate to the decoder, hence eliminating fail- 
ure in the data flow. 

Furthermore, the reproduced pictures can be dis- 
played with reduction of the display delay time without 
the necessity of increasing the storage capacity of the 
frame buffer required for special reproduction. 

Although the present invention has been described 
hereinabove with reference to some preferred embodi- 
ments thereof : it is to be understood that the invention 
is not limited to such embodiments alone, and it will be 
apparent to those skilled in the art that a variety of mod- 
ifications and variations can be made without departing 
from the scope of the invention as determined by the 
terms of the appended claims. 



Claims 

1. A method of reproducing coded data formed into a 
predetermined unit group of frames composed of 
intra-frame coded data, forward predictive coded 
data and bidirectionally predictive coded data, said 
method comprising the steps of: 

supplying at least two consecutive coded data 
out of the intra-frame code data or the forward 
predictive coded data in said unit group; 
successively decoding the data thus supplied; 
and 

outputting the decoded data in the reverse or- 
der. 

2. The method according to claim 1 , further compris- 
ing the step of intermittently supplying the remain- 
ing forward predictive coded data. 

3. The method according to claim 2, further compris- 
ing the step of intermittently supplying the bidirec- 
tionally predictive coded data. 

4. The method according to claim 1 , wherein said step 
of supplying the data comprises the steps of: 

reading, from a recording medium, at least two 
consecutive coded data out of the intra-frame 
coded data or the forward predictive coded da- 
ta; and 

storing the coded data thus read out. 

5. The method according to claim 4, wherein said step 
of outputting the data comprises the steps of: 

storing a plurality of frames of the decoded da- 
ta; and 

reading out the stored data in the reverse order. 

6. An apparatus for reproducing coded data formed in- 
to a predetermined unit group of frames composed 



of intra-frame coded data, forward predictive coded 
data and bidirectionally predictive coded data, said 
apparatus comprising: 

5 a means for supplying at least two consecutive 

coded data out of the intra-frame code data or 
the forward predictive coded data in said unit 
group; 

a means for successively decoding the data 
10 thus supplied; and 

a means for outputting the decoded data in the 
reverse order. 

7. The apparatus according to claim 6, wherein said 
is supply means also supplies the remaining forward 

predictive coded data intermittently 

8. The apparatus according to claim 7, wherein said 
supply means further supplies the bidirectionally 

20 predictive coded data intermittently. 

9. The apparatus according to claim 8, wherein said 
supply means comprises: a reproduction means for 
reading, from a recording medium, at least two con- 

25 secutive coded data out of the intra-frame coded 
data or the forward predictive coded data; and a first 
storage means for storing the coded data thus read 
out. 

30 10. The apparatus according to claim 9, wherein said 
output means comprises: a second storage means 
for storing a plurality of frames of the decoded data; 
and a read means for reading out the stored data in 
the reverse order. 

35 

11. The apparatus according to claim 10, wherein said 
second storage means consists of at least three 
frame memories. 

40 12. The apparatus according to claim 11, wherein said 
recording medium is an optical disk. 

13. The apparatus according to claim 11, wherein said 
unit group is composed of fifteen frames. 

45 

14. The apparatus according to claim 6, wherein said 
supply means supplies the entire intra-frame coded 
data and forward predictive coded data while sup- 
plying the bidirectionally predictive coded data in- 

so termittently. 

15. The apparatus according to claim 6, wherein said 
supply means supplies the intra-frame coded data 
and one or more forward predictive coded data con- 

55 secutive thereto. 

16. The apparatus according to claim 1 5, wherein said 
read means reads out the same data a plurality of 
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^ START ^ 



JL 



DATA OF PICTURES I6I , I9P, 22P AND 25P ARE 
SUPPLIED TO DECODER SUCCESSIVELY TO BE 
DECODED, AND RESULTANT DECODED DATA ARE SIO 
WRITTEN RESPECTIVELY IN AREAS I, 2, 3 AND 4 
OF FRAME BUFFER IN DECODER . 



DATA OF PICTURE 28P IS TRANSFERRED TO 
DECODER TO BE DECODED, AND RESULTANT DECODED 
DATA IS WRITTEN IN AREA WHERE NON- DISPLAYED 
PICTURE DATA IS ALREADY WRITTEN. 
IN SELECTION OF SUCH AREA, CONTROLLER 
PREVIOUSLY STORES DIVISIONS WHERE PICTURES 
ARE NOT DISPLAYED, BEING DISPLAYED AND S20 
ALREADY DISPLAYED RESPECTIVELY, AND THEN 
DETERMINES PICTURE REPRODUCIBLE BY LEAST 
NUMBER OF TIMES OF DECODING OPERATIONS 
WHEN DATA IS ONCE DECODED. 

AFTER SUCH DETERMINATION, AREA OF PICTURE 
I6I IS OVERWRITTEN. 



CONTROLLER I CONTROLS DECODER TO START 
DISPLAY OF PICTURE 28P BY TRIGGERING SAME 
SYNCHRONOUSLY WITH Vsync AFTER LAPSE OF IV S30 
FROM Vsync (Dsync) USED TO START DECODING 
PICTURE 28P. 
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CONTROLLER CONTROLS DATA FLOW AND DECODER 
SO THAT PICTURE 27B CAN BE DECODED IN 
SYNCHRONISM WITH Vsync (Dsync) AS TRIGGER 
AFTER LAPSE OF IV FROM START OF DISPLAYING 
PICTURE 28P. 



S40 



CONTROLLER CONTROLS DECODER TO START 
DISPLAY OF PICTURE 27B BY TRIGGERING SAME 
SYNCHRONOUSLY WITH Vsync AFTER LAPSE OF IV 
FROM Dsync USED TO START DECODING PICTURE 27B. 



CONTROLLER CONTROLS DATA 
SO THAT PICTURE I6I CAN BE 
IN SYNCHRONISM WITH Dsync 
LAPSE OF IV FROM START OF 
PICTURE 27B. 



FLOW AND DECODER 
DECODED AGAIN 
AS TRIGGER AFTER 
DISPLAYING 



S60 



CONTROLLER CONTROLS DECODER TO DECODE DATA 
SYNCHRONOUSLY WITH TIMING SHOWN IN FIG. 3 . 



S70 



FIG. 4 



FIG.4A 



FIG.4B 
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STORAGE CAPACITY OF FRAME BUFFER : 4 FRAMES 
DATA SUPPLY PATTERN : 

28P.27B, I61, I9P.24B, I9P.2IB, I8B, II, 4P, 7P, I OP, I 61, I 3P, -, • • • 

REPRODUCTION PATTERN = 

28P, 27B, 27B, 25P, 24B.24B, 22P, 2 IB, 2 IB, I9P, IBB, I8B, I 61, I 61 , 1 61, - • • 
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STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 

DATA SUPPLY PATTERN : 
22P, -I4I, -hp, -8P, - , - -• 

REPRODUCTION PATTERN = 

22P, 22P, I9P, I9P, I6I, I6I, -8P, -8P, • '- • 



CODE BUFFER 
READ 


FRAME BUFFER 


DISPLAY 










Dsync 


I 


2 


3 


Vsync 


I 6 I 










I 9 P 


l 6 I 








2 2 P 


l 6 I 


I 9 P 








I 6 I 


I 9 P 


2 2 P 


2 2 P 




I 6 I 


I 9 P 


2 2 P 


2 2 P 




I 6 I 


I 9 P 


2 2 P 


1 9 P 


- I 4 I 


I 6 I 


I 9 P 


2 2 P 


1 9 P 


-IIP 


I 6 I 


I 9 P 


- I 4 1 


1 6 1 


-BP 


I 6 I 


-IIP 


-14 1 


1 6 I 




- 8 P 


-I I P 


-14 1 


- 8 P 



072791 2A2_I_> 



16 



EP0 727 912 A2 



F I 6. 7 



STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 
DATA SUPPLY PATTERN • 

22 P, - , II, 4P, - , 7P, - , - 1 4 1 , - I I P, • • • 

REPRODUCTION PATTERN 

22P, 22P, I9P, I6I, I6I, 7P, 7P, 4P, II. — 
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SiOkA^L CAKAUi I Y OF FKAML BUFFER : 3 FRAMES 
DATA SUPPLY PATTERN : 

I9P, - , I8B, -, II, 4P, - , 3B, • •■ 

REPRODUCTION PATTERN •• 

I9P, I9P, I8B, 1 61, 161, 4P, 4P, 3B, • • 
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STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 

DATA SUPPLY PATTERN : 

25P, - , II, 4P, 7P, IOP, II.-I4I, ■•• 

REPRODUCTION PATTERN /• 

25P, 25P, 22P, 1 61 , 161, I OP, IOP, 7P, • - • 
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FIG. 10 

STORAGE CAPACITY OF FRAME BUFFER = 3 FRAMES 
DATA SUPPLY PATTERN : 

28P, - , - , 1 61. - . - . I9P, - , - , II, - . - , 4P, 7P, IOP, I3P, 

REPRODUCTION PATTERN : 

28P.28P, 28P, 25P, 25P. 25P, 22P, 22P, 22P, I9P, I9P, I9P, 161, 161, 161, I3P, • • • 
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FIG. II 



STORAGE CAPACITY OF FRAME BUFFER : 4 FRAMES 
DATA SUPPLY PATTERN 

28P, I9P, II,- , 4P, 7P, I0P, I3P, 4P, -■■ 

REPRODUCTION PATTERN : 

28P, 25P, 22P, 22P, I9P, 1 61. 161, I3P, IOP, 7P, 7P, 4P, II, II, • • • 
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FIG. 12 



STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 
DATA SUPPLY PATTERN : 

28P, - , I6I. II. 4P, 7P, IOP, I3P, - , !!, • • 

REPRODUCTION PATTERN : 

28P, 28P, 22P.22P, I6I, I6I, I6I, I3P, I3P, 7P, 7P, II, II, II, 
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FIG. 13 



STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 

DATA SUPPLY PATTERN 
22 P, - II, 4P, 7P, •■■ 

REPRODUCTION PATTERN ■■ 

22P.22P, I9P, I9P, I6I, I 61, 161, 7P, 7P, 4P, 4P, II, II, 1 1, • • ■ 
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FIG. 14 



STORAGE CAPACITY OF FRAME BUFFER 5 FRAMES 
DATA SUPPLY PATTERN : 

28P. II, 4P, 7P, I OP, I3P. -141, -I IP, • • 

REPRODUCTION PATTERN : 

28P, 25P, 22P, I9P, 161, I3P, IOP, 7P, - ■ • 
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FIG. 15 



STORAGE CAPACITY OF FRAME BUFFER : 4 FRAMES 
DATA SUPPLY PATTERN : 

25P, - , I I, 4P, 7P, IOP, - ,-141, 

REPRODUCTION PATTERN = 

25P. 25P, 22P, I9P, I 61. IOP, IOP, 7P, • ■ 
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F I 6. .16 



STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 
DATA SUPPLY PATTERN : 

25P, II, 4P, 7P, 10P, 11,-141,-1 IP, • • 

REPRODUCTION PATTERN 

25P, 25P, 161, IGI, 161, IOP, 10P, 1 1, • • 
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FIG. I 7 



STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 
DATA SUPPLY PATTERN : 

22P, II, 4P, 7P, - 1 41, -IIP, -8P, - 

REPRODUCTION PATTERN : 

22P, I9P, 161, 7P, 4P, II, -8P, •• • 
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FIG. 18 



STORAGE CAPACITY OF FRAME BUFFER : 2 FRAMES 
DATA SUPPLY PATTERN : 

I9P, - , I I, 4P, - , - I4P, - I IP, • • ■ 

REPRODUCTION PATTERN 

I9P, 161, 161, 4P, II, II, -I IP, • • • 
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FIG. I 9 



STORAGE CAPACITY OF FRAME BUFFER • 2 FRAMES 
DATA SUPPLY PATTERN : 

I9P, I I, 4P, -I4P, -I IP, • • 

REPRODUCTION PATTERN - 

I9P, I 61, 4P, I I, - I IP, • • 
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STORAGE CAPACITY OF FRAME BUFFER = 3 FRAMES 
DATA SUPPLY PATTERN : 
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28P.28P, 27B, 25P, 25P, 24B, 22P, 22P, 21 B, 19P, I9P, 188, 161, 161, 161, I3P, • • • 
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STORAGE CAPACITY OF FRAME BUFFER : 6 FRAMES 
DATA SUPPLY PATTERN : 

28 P, 278, II, 4P, TP, I8B, I0P, I3P, I2B, ■•• 

REPRODUCTION PATTERN : 

28P, 28P, 25P, 22P, I9P, I8B, 1 61, I 3P, I2B, - 
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STORAGE CAPACITY OF FRAME BUFFER •• 3 FRAMES 
DATA SUPPLY PATTERN = 

I9P, - , IBB, I7B, - , - , II, 4P, - , 3B, 2B, - , ••■ 

REPRODUCTION PATTERN •• 

I9P, I9P, I8B, I7B, 1 61, 161, 161, 4P, 4P, 3B, 2B, II, II, II,- 
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STORAGE CAPACITY OF FRAME BUFFER •- 4 FRAMES 
DATA SUPPLY PATTERN : 

28P,- ,27B, - ,26B, - ,- , 248, - , - , 23B, - , 1 61 , I 9P , 2 1 B, - .208,- 

,- ,I8B, I7B, II, 4P, 7P, IOP, I3P, 1 58, - , I4B, - , II, 4P, I2B, - ,I IB, 7 
P, II, - 

REPRODUCTION PATTERN •- 

28P, 28 P, 27 B, 27B, 26B, 26B, 25P, 25P, 24B, 248, 23B, 23B, 22P, 22P, 2 IB, 2 IB, 208,20 
B, I9P, I9P, I8B, I8B, I7B, I7B, 161, 161, I5B, I5B, 148, I4B, I3P, I3P, I2B, I2B, I IB, 1 1 
B. IOP, IOP, ■ • 
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STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 

n AT* A Ql IDDI V DATTCDM - 

28P, 27B, - ,- ,268,- , 161, I9P, 22P, 24B, 23B, 161, I9P, - , 21 B, — , 20B, - 
,161,- , I8B, - ,I7B, II, 4P, 7P.I0P.I3P,- ,- ,- ,- , I2B, 

REPRODUCTION PATTERN : 

28P, 28P, 27B, 27B, 26B, 26B, 25P, 25P, 25P, 24B, 23B, 23B.22P, 22P, 2 IB, 2IB,20B,20 
B, I9P, I9P, 188, I8B, I7B, I7B, 161, 161, 161, I3P, I3P, I3P, I3P, I3P, I2B, - 
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STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 

DATA SUPPLY PATTERN : 

28P, 27B, - ,- ,268,- . I6I. I9P, 22P. 24B. 23B, I6I, I9P, - , 2 1 B. — , 20B, - 
, 1 61, - ,188,- , II, 4P, 7P, IOP. I3P, I4B, II, 4P, 7P, IOP, 128, • • • 

REPRODUCTION PATTERN : 

28P, 28P, 27B, 27B, 268, 26B, 25P, 25P, 25P, 24B, 23B, 23B, 22P, 22P, 21 B, 21 B, 208,20 
B, I9P, I9P, I8B, I8B, 188, 161, 161, 161, 161, I4B, I4B, I3P, I3P, I3P, I2B, - • • 
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START ^) 



DATA OF PICTURES !6I s ISP, 22P AND 25F ARE 
SUPPLIED TO DECODER SUCCESSIVELY TO BE 
DECODED, AND RESULTANT DECODED DATA ARE SIO 
WRITTEN RESPECTIVELY IN AREAS 1,2,3 AN D 4 
OF FRAME BUFFER IN DECODER ► 



DATA OF PICTURE 28P IS TRANSFERRED TO 
DECODER TO BE DECODED, AND RESULTANT DECODED 
DATA IS WRITTEN IN AREA WHERE NON- DISPLAYED 
PICTURE DATA (S ALREADY WRITTEN. 
IN SELECTION OF SUCH AREA, CONTROLLER 
PREVIOUSLY STORES DIVISIONS WHERE PICTURES 
ARE NOT DISPLAYED, BEING DISPLAYED AND S20 
ALREADY DISPLAYED RESPECTIVELY, AND THEN 
DETERMINES PICTURE REPRODUCIBLE BY LEAST 
NUMBER OF TIMES OF DECODING OPERATIONS 
WHEN DATA IS ONCE DECODED. 
AFTER SUCH DETERMINATION, AREA OF PICTURE 
161 IS OVERWRITTEN . 



CONTROLLER I CONTROLS DECODER TO START 
DISPLAY OF PICTURE 28P BY TRIGGERING SAME 
SYNCHRONOUSLY WITH Vsync AFTER LAPSE OF IV J S30 
FROM Vsync (Dsync) USED TO START DECODING 
PICTURE 28P, 



© 
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© 



CONTROLLER CONTROLS DATA FLOW AND DECODER 
SO THAT PICTURE 27B CAN BE DECODED IN 
SYNCHRONISM WITH VsyTic (Dsyne) AS TRIGGER 
AFTER LAPSE OF IV FROM START OF DISPLAYING 
PICTURE 26P. 



S4Q 



CONTROLLER CONTROLS DECODER TO START 
DISPLAY OF PICTURE 27B BY TRIGGERING SAME 
SYNCHRONOUSLY WITH Vsync AFTER LAPSE OF IV 
FROM Dsync USED TO START DECODING PICTURE 27B . 



CONTROLLER CONTROLS DATA FLOW AND DECODER 
SO THAT PICTURE 161 CAN BE DECODED AGAIN 
IN SYNCHRONISM WITH Dsync AS TRIGGER AFTER 
LAPSE OF IV FROM START OF DISPLAYING 
PICTURE 27B. 



SGO 



CONTROLLER CONTROLS DECODER TO DECODE DATA 
SYNCHRONOUSLY WITH TIMING SHOWN IN FIG. 3 . 



S70 



FIG. 4 



FIG,4A 



HG.4B 
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STORAGE CAPACITY OF FRAME BUFFER • 4 FRAMES 
DATA SUPPLY PATTERN ; 

Z8P,27B, 16!, I9P,Z4B,ISP',*IB I 18B, II. 4P, 7P, IDP r 161, I3P,-, ■ ■ ■ 

REPRODUCTION PATTERN ■ 

EBP, 2TB, 27S, 25P< 246,24b, 22P, 2l6 r 2IB, I9P, IBB, I3B, 16], 161, ■ 
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STORAGE CAPACITY OF FRAME BUFFER • 3 FRAMES 

DATA SUPPLY PATTERN : 
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STORAGE CAPACITY OF FRAME BUFFER ■ 3 FRAMES 
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STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 
DATA SUPPLY PATTERN : 

I9F, - , 188, -, II, 4P, - , 3B f ■ ■■ 

REPRODUCTION PATTERN 

I9P, I9P 1 I8B, 161, I6l t 4P, 4P, SB, - ■ - 
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STORAGE CAPACITY OF FRAME BUFFER = 3 FRAMES 
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STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 

DATA SUPPLY PATTERN • 
zap, - , - , iei, - , - . I9P, - , - , tl, - . - , «p. 7P, iop, hp, • 

REPRODUCTION PATTERN : 

ZBP^BP^aP.SBP^P, 25P, 22^22?, 19P, I9P, >6l. ( hi. 1 61, I3P, - •• 
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STORAGE CAPACITY OF FRAME BUFFER : 4 FRAMES 
DATA SUPPLY PATTERN - 

28P,I&P, , 4P, 7P, I0P, I3P, 4P, ■ " 

REPRODUCTION PATTERN : 

ZAP, 25P, 22P S 22P, 19P, I6I, 1 61, t3P, ?P, 7P, 4P, II, II, -- 
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FIG. 12 



STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 

DATA SUPPLY PATTERN : 
zap, - ,161, II. 4P, 7P, iop, isp ( - . II,"- 
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Zap, ZBP,2ZP,&P, 161, 161, 161, I3P, 1 3 P, TP, TP, II, H, 1 1, ' " 



CODE BUFFER 


FRAME BUFFER ! 


DISPLAY 




READ 

Dsync 


t 


2 


3 


Vsync 




16 1 
L 9 P 
2 2 P 
2 5 P 
26P 


1 6 I 
1 6 I 

1 6 I 

2 5 P 
2 5 P 


1 3 P 
1 9 P 

1 9 P 

2 8P 


2 2 P 
2 2 P 
22 P 


2 8 P 






2 5 P 


28 P 


2 2 P 


2 8 P 




1 6 I 


2 5 P 


2 6 P 


2 2 P 


2 8 P 




1 I 


2 5 P 


1 6 I 


2 2 P 


2 2 P 




4 P 


1 I 


i e i 


2 2 P 


2 2 P 




7 P 


2 5 P 


1 6 1 


4 P 


1 e I 




I O P 


T P 


1 6 I 


4 P 


1 6 I 




1 3 P 


7 P 


1 6 1 


1 O P 


1 6 I 






7 P 


1 3 P 


1 0 P 
.1 


1 3 P 





BNSDOCID: <EP 072791 2A2TI_> 



22 



EP 0 72? 912 A2 



FIG. 13 



STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 

DATA SUPPLY PATTERN : 
22P, - , - , - , - , II, 4P, 7P, - „ - , - , - , - • • 

REPRODUCTION PATTERN = 

22P ( 22.P, I3P ( I9P, I6T, I 61, 161, TP, 7P, 4P, IP, II, II. II, — - 
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FIG. 14 



STORAGE CAPACITY OF FRAME SUFFER : 5 FRAMES 
DATA SUPPLY PATTERN : 

ZBP, II, 4P, 7 P, I OP, 1 3P, - 1 41, "IIP, - • - 

REPRODUCTION PATTERN = 

2SP t 29P, 22P t ISP, I SI, I3P, 10 P, 7P, • • - 
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FIG. I 5 



STORAGE CAPACITY OF FRAME BUFFER : 4 FRAMES 
DATA SUPPLY PATTERN : 

25P, — , 11. 4P, 7P, 50P t - , -141, 

REPRODUCTION PATTERN = 

25P.25I* 22 P, 19P, I SI r IOP, IOP, TP, - • • 
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FIG. I 6 



STORAGE CAPACITY OF FRAME BUFFER 
DATA SUPPLY PATTERN : 

1 1, AP> TP, IDP, II, -141, -I IP, ■ 

REPRODUCTION PATTERN • 

25P i a5P 1 l«S, 161, 161, 10P, LOP, II, — 
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FIG. I 7 



STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 
DATA SUPPLY PATTERN * 

22P, II, 4P, TP, -MI, -I IP, -BP, - 

REPRODUCTION PATTERN ; 

22P, I9P, 161, TP, 4P, II, -BP, • ■ • 
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FIG. 18 



STORAGE CAPACITY OF FRAME BUFFER : 2 FRAMES 

DATA SUPPLY PATTERN : 
ISP, ~ , it. 4P, - , - I4P, - 1 IP, ••- 

REPRODUCTION PATTERN = 

19P, Ifil. !6I« 4P, II, 1 1, - I I P, • - - 
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FIG. 19 



STORAGE CAPACITY OF FRAME BUFFER • 2 FRAMES 
DATA SUPPLY PATTERN : 

f9P, U, 4P, - MP, -IIP, - - 

REPRODUCTION PATTERN - 

I9P, I 6 1 , 4P, I I, - HP, • ' • 
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STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 
DATA SUPPLY PATTERN - 

26P.27B, f6t. I9P, 2£P,44B, IBS, J9P,aJB,IG[, IflB, 'I. *> p r TP, IQP r 1 3 P. ■ > • 

REPRODUCTION PATTERN = 

1BP,28P, i7B,25P, 25P, 24B,22P, 22P, 2lfc, J9P, |9P, 1 8 B, I6t, I6! ( IEj 1 I3P, • • 
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STORAGE CAPACITY OF FRAME BUFFER ' 6 FRAMES 
DATA SUPPLY PATTERN = 
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REPRODUCTION PATTERN : 

2BP, 26P, 22P, l&P, I8B, 161, I3P, I2B, • ■ • 
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STORAGE CAPACITY OF FRAME BUFFER : 3 FRAMES 
DATA SUPPLY PATTERN = 

I9P, - % IHB, ITB, - « - , II, A? t - , ZB, 2B, - , • ■ • 

REPRODUCTION PATTERN ■ 

I9P, ISP, IBB, I 7B, I 61, 161, I Sl H 4P h 4P, JB, 2B, II. I], I I, - • ■ 
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STORAGE CAPACITY OF FRAME BUFFER : 4 FRAMES 

DATA SUPPLY PATTERN : 

It?,- .27 8. — .26B. - , - ,24B,- , - , 238, - , I61, »9P,SLB, - ,200,- 
t - ,168, I7B, II, 4P, 7P, I0P, I3P, 150, - , MB, - , II, 4P, I2B, - ,110, 7 

REPRODUCTION PATTERN : 

2*P, 28P, 27H, ZTfli, 2€B, 266, 25P, 2SP, 24B, 2*tB. 23B, 23B, Z2P, Z2P, 21 H,2 10, 200, ZO 
B, I9P, 19P, I0B, IBB, I7B. 176, 161, LSI, I 5B, 15B, S4B, 14 S, 13P, 13P, I2B, 1KB, 1 18, H 
8, I0P, I OP, ■ • 
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STORAGE CAPACITY OF FRAME SUFFER : 3 FRAMES 
DATA SUPPLY PATTERN : 

269,2.78,- ,268,- , l&l, I9P, Z2LP, 24B, 23B, (61, [9P, — ,2IB t - , 20B, - 

r tea, - ,17b, II, 4P, 7P,IOP,l3P t - ,I2B, ■•• 

REPRODUCTION PATTERN - 

JSP. Z8P, Z7B, 26B, 26fl, 2.5P, 25P r 2&P, 249 r 23B t 23B, 22P, 2gP r 21 fl, 2(B,2QB r 20 
B, ISP, ISP, fSB t 188, I7B, I7B, I6t, 161, J6!, I3P, I3P, I3P, I3P, (3P, I2B, • ■- 
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STORAGE CAPACITY OF FRAME SUFFER : 3 FRAMES 
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28^276,- ,266,- < 1 61 . I9P, 22P, 2<B, £3B, I6l t (9P, - ,216, - ,206,- 

,161," , 19B, - , II, 4P, 7P, IOP, I3P, I4B, IT, 4P, 7P, IOP, I2B, ■ ■ ■ 
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B, ISP, \9P t IBB, 166, ISB, I6[, 16(, 161, 16], MB, 14 B r S3P, I3P, I3P, 129, - ■ - 
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(54) Reproduction of coded data 

(57) A coded-data special reproduction method 
reads out and decodes unit group data composed of in- 
tra-frame coded data, inter-frame forward predictive 
coded data and bidirectionally predictive coded data, 
writes the decoded data into a frame buffer (2-3) and, 
after reading out the data therefrom, displays (3) such 
data. The method comprises the steps of continuously 
decoding portions of the intra-frame coded data and the 
inter-frame forward predictive coded data constituting 
the unit group data read out, while intermittently decod- 
ing the remaining coded data; writing the decoded data 
in the frame buffer (2-3); reading out the data therefrom 



in a reverse order of the original pictures; and displaying 
the pictures (3) thus read out. An apparatus designed 
to carry out the above method comprises a buffer (2-1 ) 
for storing the group data; a decoder (2-2) for decoding 
the coded data obtained from the buffer; and a frame 
buffer (2-3) for storing the respective coded data decod- 
ed by the decoder. Special reverse reproduction of the 
coded data can be achieved to realize natural repro- 
duced pictures on a display device (3) without the ne- 
cessity of raising the coded-data transfer rate to the de- 
coder (2-2) or increasing the storage capacity of the 
frame buffer (2-3). 
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